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1 Introduction

This document presents the list of equations solved by the OPATM-BFM model as referred in
Lazzari et al. (this issue). The equation formulation follows the formalism and style proposed

by Vichi et al. (2007).



2 Phytoplankton

The phytoplankton state variables are connected to 5 basic biogeochemical constituents (C, N, P,

Si) and 1 chemical functional family (Chl) and thus for each group we have up to 5 equations:
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2.1 Regulating factors

2.1.1 Temperature

2.1.2 Nutrients

2.1.3 Light
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2.6 Nutrient uptake

oP, """ P
=L = min ( apN VP, Gpp,™ +fErp prx——Lp, (18)
IR, | Iy
- —min ( (@3N +aGNG) B, Gor - fEr (mr =22 )R] (19)
ot |y N Fe

4 Ina
" Iva +N®
ap = ap (21)

ap = (20)

If the nitrogen uptake rate (19) is positive, then the partitioning between N (and N (4)uptake
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If it is negative, the whole flux is directed to the ammonia pool, phosphates and silicates
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2.9 Chlorophyll
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3 Bacterioplankton

The bacteria state variable is connected to 3 basic biogeochemical constituents, C, N and P, with

3 dynamical equations:
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3.4 Nutrient uptake and release

Uptake from substrate (organic component)
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for the uptake/release from inorganic substrate the difference between uptake rate of substrate

organic P and rate of uptake of substrate C multiplied by the optimal ratio p?”" is considered, if

we have phosphorus uptake higher than optimal phosphorus uptake based on carbon uptake:
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there is a release of inorganic phosphorus equivalent to the surplus uptake:
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if eq.(51) is lower than zero, bacteria uptake from phosphate
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Nitrogen fluxes in bacteria has a similar structure to phosphorus: for the uptake/release from
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inorganic substrate the difference between uptake rate of substrate organic N and rate of uptake

t

of substrate C multiplied by the optimal ratio n}”" is considered, if we have nitrogen uptake



higher than optimal nitrogen uptake based on carbon uptake:
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if eq.(59) is lower than zero, bacteria uptake is done from nitrates and ammonia:
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4 Zooplankton
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where 0§, is the availability of predator Z for prey X; and e, is the capture efficiency. e,, =

XCXTC”Z, Uz (uz = 0 for mesozooplankton).
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The balancing flow of C Q for the mesozooplankton is computed from the actual elemental
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4.4 Respiration

for microzooplankton
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4.5 Organic nutrient excretion/egestion

for microzooplankton
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for mesozooplankton

0 Zp rel

' - T 14
ot N (dOZ fZ ZP " QZ) (80)

The balancing flow of P 0% is computed from the actual elemental ratios of ingested material:

If we are in the condtion 1, limitation by carbon then
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in case 2, limitiation by phosphorus, Qg =0, and in case 3, limitation by nitrogen

Q) =(1-B,)3,—p2"n,(S.—05), (82)

in the latter the correction on carbon grazing (net nitrogen limitation Qf case 3) is used as
reference to calculate the balance for phosphorus internal quota.

Same arguments are valid for nitrogen internal quota:
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If we are in the condtion 1, limitation by carbon then
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in the latter the correction on carbon grazing (net on phosphorus limitation Q5 case 2 ) is
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used as reference to calculate the balance for nitrogen internal quota.

in the case 3, nitrogen limitation, Qg =0
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Symbol Value Description

0104 2.95 Characteristic Q10 coefficient

h, 30.0 Half saturation value for oxygen limitation
(mmolO, m~3)

T0p 8.38 Potential specific growth rate (d!)

b, 0.01 Basal specific respiration rate (d~1)

N 0.40 Assimilation efficiency (-)

ny 0.20 Decrease in assimilation efficiency under anoxic
conditions(-)

doy 0.00 Specific mortality rate (d~')

v; 0.5 Specific potential R uptake (d~1)

vR2 0.25 Specific potential R(?) uptake (d~ ")

Ve 0.1 Specific potential R(®) uptake (d~1)

noPt, port - 0.017,0.0019 Optimal nutrient quota (mmoIN mgC~!, mmolP mgC~!)

nmin prin - 0,0085,0.00095 Minimum  nutrient  quota  (mmoIN  mgC~!,

mmolP mgC~1)

Table 3: Symbols, standard values and description of the bacterioplankton parameters.
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